This paper evaluates performance indices based on industry-wide practice and suggests possible approach for improving the operational efficiencies of Jebba, Kainji and Shiroro hydro power generating stations. To actualize that, data including average daily gross operating head, daily flow rate and daily energy generated were obtained from Jebba, Kainji and Shiroro power stations and the National Control Center (N.C.C.) Osogbo. From the energy (MWh) generated the average daily power generated (MW) was computed. Consequently, the average operational efficiencies of Jebba, Kainji and Shiroro hydro schemes were evaluated and found to be 89.43%, 88.45% and 94.03% respectively. Similarly, performance indicators including deemed generation, auxiliary energy consumption, availability factor, capacity index, workforce deployment, forced outage factor and scheduled outage factor were evaluated and technical inferences made. The study was limited to the year 2010 due to non-availability of data for other years.
INTRODUCTION
Efficiency is a measure of how much power a system (machine) delivers for a given input power. This means a more efficient machine delivers more power for a given input power when compared with an equivalent machine with less efficiency. Therefore, if a hydro scheme generates an average of 450 MW at 85.00% efficiency under certain operating conditions and the operating conditions are altered such that its efficiency now rises to 95.00%, then, for the same volume of water (stored potential energy) the hydro station will deliver 534.375 MW, representing an increase of 84.375 MW. If this hydro station were Jebba (or Kainji or Shiroro), the Nigerian power grid will have additional 84.375 MW, sufficient to meet the power need of the whole of Birnin Kebbi metropolis without load shedding [1] . Consequently, evaluation of the operational efficiencies and other industry-wide performance indicators of hydro power stations such as deemed generation, auxiliary energy consumption, availability factor, capacity index, workforce deployment, forced outage factor, and scheduled outage factor for Jebba, Kainji and Shiroro forms one of the first steps of an attempt to improve on their operational efficiencies. In addition, these performance indices form one of the critical factors valuable in costing the plants for prospective investors, especially in the current dispensation where attempts are being made by relevant stakeholders to liberalize the Nigerian power sector. Table 1 provides a summary of the annual average generation for the three hydro stations in year 2010. Table 2 highlights the performance indices (or benchmarks) employed in the analyses of this article. These benchmarks are valuable as they mirror those used by hydroelectric utilities for performance analyses and are recognized as meaningful industry-wide hydropower performance [2] . 
Background Concepts of Performance Indices for Hydro Schemes

Performance Indices of Jebba Hydro Scheme in Year 2010
The daily operational efficiency and power losses of Jebba power plant for year 2010 were evaluated using eqns. 1.0 and 2.0 respectively. The average efficiency was found to be 89.43%. The efficiency curve in terms of operational efficiency in per cent as a function of power generated was plotted as shown in Fig. 1 (a). Fig.  1 (b) shows the losses curve for the station. Table  3 gives a summary of relevant performance indices for the three stations in the year under study.
Performance Indices of Kainji Hydro Scheme in Year 2010
The daily operational efficiency and power losses of Kainji power plant for year 2010 were evaluated using eqns. 1.0 and 2.0 respectively. The average efficiency was found to be 88.45%. The efficiency curve in terms of operational efficiency in per cent as a function of power generated was plotted as shown in Fig. 2 (a). Operational Efficiency This is the overall efficiency of the plant. It is given in per cent as:
Deemed Generation This is the energy which a hydro power generating station was capable of generating but could not generate due to reasons beyond the control of the generating station.
Auxiliary Energy Consumption
This is, in relation to a period, the quantum of energy consumed by auxiliary equipment of the generating station and transformer losses within the generating station, and shall be expressed as a percentage of the sum of gross energy generated at the generator terminals of all the units of the generating station.
4.
Availability Factor This benchmark illustrates the percentage of time, for a given period, the plant was available to generate power and shall be expressed in percentage of total hours in the given period.
5.
Daily Capacity Index (or Capacity Index)
This means the declared capacity expressed as a percentage of the maximum available capacity for the day and shall be calculated in accordance with the following formula:
The term "Capacity Index" for any period shall be the average of the daily capacity indices calculated as above, for such period. 6.
Workforce deployment
This benchmark tracks the full-time equivalent (FTE) staffing levels. These staffing levels are further broken down by FTEs per generating unit and FTEs per megawatt.
Forced Outage Factor
This benchmark illustrates the percentage of time a unit was out of service for unanticipated repairs, system collapse, etc. 8.
Scheduled Outage Factor
This benchmark illustrates the percentage of time the unit was scheduled for outage due to maintenance. 
Performance Indices of Shiroro Hydro Scheme in Year 2010
The daily operational efficiency and power losses of Shiroro power plant for year 2010 were evaluated using eqns. 1.0 and 2.0 respectively.
The average efficiency was found to be 94.03%. The efficiency curve in terms of operational efficiency in per cent as a function of power generated was plotted as shown in Fig.  3(a) . Fig. 3(b) shows the losses curve for the station. 
METHODS OF IMPROVING HYDRO POWER STATION OPERATIONAL EFFICIENCY
In order to maintain optimum efficiency continuously, plant performance characteristics must be monitored and stored, at least occasionally and at best continuously. This performance information includes water levels, power generation and inlet/outlet canal characteristics all as a function of the discharge from individual turbines. Having this data available in a database enables an accurate model of the system to be kept current. From this model operational decisions can be made for the best performance under constantly changing conditions of load, head, unit availability, and other important constraints. Some of the popular schemes of improving on the overall efficiency of hydro schemes include the Gibson method, Current meters, Allen Salt velocity, Dyedilution, Winter -Kennedy taps and the high accuracy multipath chordal acoustic flowmeters [4] . 
RECOMMENDATIONS
Consequent upon evaluation of the performance indices of these hydro generating stations in this paper, the following are strongly recommended:
(i) Incorporation of the acoustic flowmeter which is a microprocessor-based control system designed for improving the efficiency of hydro schemes with additional capabilities such as self-check, providing for internal diagnostics to ensure rapid repair in the event of failure. In some cases, these meters are built with redundant features to further increase reliability and consequently availability. (ii) Scheduling the units at the hydro stations using economic load dispatch optimization. This ensures that the units generate maximum power using minimum inputs with least adverse impact on the environment [9] and minimize the cost of generating energy per KWh.
